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(57) Abstract 

Composite materials for electronic packages (50) are disclosed. The composite materials comprise a core layer (32) and 
first (34) and second (36) cladding layers. The core (32) and cladding layer (34, 36) compositions and thicknesses are selected to 
niaximize thermal and electrical conductivity and to minimize the coefficient of thermal expansion of the composite. The compo- 
site material may be employed to fashion the package base (52), the leadframe, a heat spreader or combinations thereof. In one 
embodiment, a portion of the first cladding layer (34) is removed so that an electronic device (22) may be mounted directly to a 
high thermal conductivity core (32). 
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IMPROVED THERMAL PERFORMANCE PACKAGE FOR 
INTEGRATED CIRCUIT CHIP 

The present invention generally relates to 
packages adapted to house a microelectronic 
circuit device such as a silicon based 
semiconductor die. More particularly, the 
5 invention relates to a metal package having 
components with improved thermal and electrical 
performance • 

Hermetically sealed packages for integrated 
circuit chips are typically comprised of a base 

10 component and a lid component which when bonded 
together define a cavity therebetween. The 
microelectronic circuit device is housed within 
the cavity. A leadframe is typically disposed 
between the base and lid and electrically 

15 interconnects the microelectronic device to 
external circuitry such as a printed circuit 
board. The integrated circuit is electrically 
connected to the leadframe by relatively small 
diameter gold or aluminum wires. Alternatively, 

20 connection between the chip and leadframe may be 
effected by tape automated bonding (TAB) 
techniques. In TAB, thin strips of copper or a 
copper alloy foil provide the necessary 
electrical interconnection. The leadframe 

25 further has a plurality of legs protruding 
outwardly from its central portion. The legs 
extend beyond the perimeter of the base and lid 
to provide terminals leading from the package. 
Normal operation of the integrated circuit 

30 in the chip generates heat within the package. 
As the temperature of the typically silicon 
based microelectronic device increases, the 
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internal resistance of the device also increases 
leading to degradation of the electrical 
performance of the device. Diffusion of 
metallic species such as from the circuitry 
5 metallization is increased ftirther shortening 
the usable life of the device. As a general 
rule, every 10 •€ increase in device temperature 
shortens the usable life of the device by 50%. 
In addition to shortening the usable life 
10 of the microelectronic device, as the 

temperature of the device and package components 
increases, so do thermally induced mechanical 
stresses. If the package base has a relatively 
high coefficient of thermal e)cpansion, for 
15 example when copper or copper based package 
components are employed, the stresses on the 
device are severe enough to lead to fracture of 
the silicon based die. Thus, dual objectives of 
integrated circuit package design are to 
20 incorporate features in the package which 
minimize thermal expansion and remove heat. 

To minimize thermally induced stresses, the 
components should be fabricated from materials 
having thermal expansion coefficients 
25 approximately matching that of the 

microelectronic device. To reduce the 
accumulation of heat within the package, those 
package components which dissipate heat, such as 
the base in a hermetically sealed package and 
30 the leadframe and optionally a heat sink or 

heat spreader in a non-hermetic plastic package, 
should be made from materials having high 
thermal conductivity. Further, some of these 
same components, such as the leadframe form a 
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part of the conductive path of the package and 
must have suitable electrical conductivity. 

One prior art integrated circuit chip 
package, coirunonly known as the CERDIP for 
5 ceramic dual-in-line package, is basically a 
ceramic package. The lid and base components 
are both alumina. The coefficient of thermal 
expansion of AI2O3 is c[uite low and stresses to 
the electronic device are minimized. However, 
10 the ceramic base has high thermal resistance. 
The CERDIP is inadequate as a medium for 
carrying away and dissipating the heat generated 
by large scale integrated circuits or power 
devices. 

15 In another prior art integrated circuit 

chip package, the base is constructed of 
metal, preferably copper or a copper based 
alloy. Metals are highly effective for thermal 
dissipation but have relatively high 

20 coefficients of thermal expansion. A severe 
mismatch with the silicon chip is often 
experienced. An additional insert material such 
as a buffer must be interposed between the chip 
and the base component. The buffer adds cost to 

25 the package and reduces thermal conduction from 
the chip to the package base. 

Yet another package known in the art is the 
molded plastic package. A microelectronic 
device is attached to a metal bond pad and 

30 electrically interconnected to a leadframe. 
This assembly is then encapsulated within a 
molded plastic resin such as an epoxy. The 
thermal dissipation capability of the plastic 
resin is quite poor so thermal dissipation 

35 occurs by way of the leadframe or a heat sink or 
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heat spreader molded into the package. If the 
leadf rame and' heat sink are fashioned from a low 
expansion metal such as alloy 42, inadequate 
heat dissipation is achieved. The use of a high 
5 expansion metal such as copper results in 
suitable heat dissipation, but stresses 
resulting from the high coefficient of thermal 
expansion of the copper often lead to fracture 
of the package or the device, 
10 From the drawbacks of the constructions of 

the above packages, one can readily appreciate 
that the dual objectives of minimizing or 
matching thermal expansion and removing heat 
have been difficult to attain in practice. 
15 Consequently, a need still remains for a way to 
achieve these objectives. 

The present invention provides an improved 
thermal performance integrated circuit chip 
package designed to satisfy the aforementioned 
20 needs. Dramatic improvement of the thermal 
performance is brought about by utilizing a 
clad metal base. The composite base comprises a 
first metal core layer clad on opposing sides 
with first and second metal cladding layers. In 
25 one embodiment, the core is characterized by 
high thermal conductivity and high thermal 
expansion. The first and second cladding layers 
have a coefficient of thermal expansion less 
than that of the microelectronic device. 
30 No changes are required in the 

manufacturing process of the electronic package 
to incorporate the composite base. Standard 
package assembly techniques may be employed. A 
lid component is positioned in spaced 
35 relationship to the composite base. A leadf rame 



wo 90/15437 PCr/US90/02846 



-5- 

is disposed between the composite base component 
and the lid component. A bonding material seals 
the leadframe to both the composite base and to 
the lid. The composite base and the lid define 
5 a cavity for housing the electronic device which 
is bonded by a die attach to the base component 
and electrically interconnected to the 
leadframe. 

The composite base has a thermal expansion 
10 coefficient close to that of the semiconductor 
device. The thermal performance of the package 
is significantly better than that of the CERDIP. 
The integrated circuit chip can now operate at a 
much lower temperature because of better 
15 dissipation of heat. Additionally, the device 
is not subject to thermally induced mechanical 
stresses resulting from a coefficient of thermal 
expansion mismatch between the package base and 
the device. 

20 In accordance with a second embodiment of 

the invention, a composite leadframe is 
provided. The composite leadframe is also 
composed of a metal core layer clad on opposing 
sides by and metal cladding layers. The 

25 properties of the metal core layer and the and 
cladding layers are essentially similar to the 
requirements of the first core layer and first 
and second cladding layers of the base component 
as described above. 

30 The composite leadframe provides superior 

thermal dissipation without the coefficient of 
thermal expansion mismatch identified with prior 
art copper alloy leadframes. The leadframe of 
the invention may be incorporated within a 

35 plastic package housing or within a standard 
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metal or ceramic package housing. Further, the 
composite leadframe may be incorporated with the 
composite base of the invention. 

A composite heat sink or heat spreader is 
5 also within the scope of the invention. The 
composite heat sink has a metal core layer and 
metal cladding layers essentially as described 
above. The composite heat sink is of particular 
value to increase the thermal dissipation of 

10 molded plastic packages. 

These and other features and advantages of 
the present invention will become apparent to 
those skilled in the art upon a reading of the 
following detailed description when taken in 

15 conjunction with the drawings wherein there is 
shown and described an illustrative embodiment 
of the invention. 

In the course of the following detailed 
description, reference will be made to the 

20 attached drawings in which: 

Fig. 1 is a cross-sectional representation 
of a hermetic sealed integrated circuit chip 
package in accordance with the present 
invention. 

25 Fig. 2 is a graphic representation of 

thermal dissipation capacity of selected 
materials compared to the linear thermal 
expansion coefficient of those materials and 
identifying a preferred range of the invention. 

30 Fig. 3 is a cross-sectional representation 

of a composite base particularly suited for 
glass sealed packages in accordance with the 
invention. 
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Fig, 4 is a cross-sectional representation 
of a molded plastic electronic package including 
a composite leadframe in accordance with an 
embodiment of the invention, 
5 Fig. 5 is a cross-sectional representation 

of a molded plastic electronic package including 
a composite heat spreader in accordance with an 
embodiment of the invention. 

Fig. 6 is a graphical representation of 
10 thermal dissipation capacity as compared to both 
thermal conductivity and electrical resistivity 
for conventional leadframe alloys and for the 
composite leadframes formed in accordance with 
the invention. 

15 Referring now to the drawings, and 

particularly to Fig. l, there is illustrated a 
low profile, integrated circuit chip package, 
generally designated 10. The package 10 
is preferably glass sealed and hermetic. 

20 However, the package 10 may also be sealed with 
a polymer adhesive, such as an epoxy to form a 
non-hermetic metal package. Both hexrmetic and 
non-hermetic electronic packages are included 
within the invention. 

25 In its basic components, the package 10 of 

Fig. 1 includes a base 12, a lid 14, a sealing 
means 16 and a leadframe 18. The lid 14 is 
spaced from the base 12 and defines a cavity 2 0 
therebetween. A microelectronic circuit chip 22 

30 is disposed in the cavity 20 and overlies a 

central portion of the base 12. The chip 22 is 
secured to the base 12 by a die attach material 
24. The sealing means 16 which is preferably a 
sealing glass is positioned between the base 12 
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and the lid 14. As seen in Fig. i, the base 12, 
lid 14 and glass layer 16 have an overall flat, 
layered construction. 

The leadframe 18 is located between the 
5 base 12 and lid 14 and embedded within the 
sealing glass 16. The leadframe 18 has 
generally planar inner leads 2 6 mounted within 
the layer of glass 16. The leads 26 surround 
the integrated circuit chip 22 in a quad-pack 
10 type configuration. The leads 26 may approach 
the chip 22 from any desired number of sides, 
for example in a DIP, or dual-in-line package • 
configuration, the leads would approach the chip 
from two opposing sides. The integrated circuit 
15 within the chip 22 is electrically connected to 
the leads 2 6 by bonding conductor wires 28 or, 
alternatively, by TAB type metal foil 
interconnects. The leadframe 18 further has a 
20 plurality of legs 30 extending beyond the 

perimeter of the base 12, lid 14 and glass layer 
16.. The leadframe legs 30 are bent to a desired 
radius and provide terminals to connect the 
package 10 to an external circuit. 
25 in accordance with the principles of the 

present invention, the base 12 of the package 10 
is a composite material composed of a first 
metal or metal alloy core layer 32 and first and 
second metal or metal alloy cladding layers 34, 
30 36. The criteria for selecting the composition 
of the core layer and the cladding layers is 
that one of the metals has high thermal 
conductivity and a high thermal coefficient of 
expansion (TCE) and the other metal has a low 
^5 thermal coefficient of expansion. 
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One of the metals must have relatively high 
thermal conductivity, Tc- Relatively high 
thermal conductivity means significantly higher 
than the thermal conductivity of alloy 42. 
5 Alloy 42 is an iron-nickel alloy (nominal 

composition by weight 41% nickel and 59% iron) 
which is commonly used for leadframe 
applications. Alloy 42 has a Tj, of about 12 
watts per meter degree Kelvin (W/m-K). 

1*5 Preferred high thermal conductivity metals 

include copper (Tc=398 W/m-K), alviminiam (Tc=274 
W/m-K) and alloys thereof such as copper alloy • 
C194 (nominal composition by weight 97.5% 
copper, 2.35% iron, 0.03% phosphorous and 0.12% 

15 zinc, Tc=260 W/m-K) and aluminum alloy 3003 

(nominal composition by weight 98.6% aluminum, 
0.12% copper and 1.2% manganese, Tc=180 W/m-K). 
The specific compositions of high thermal 
conductivity metals given above are illustrative 

20 only and do not represent the only acceptable 
materials. Any suitable high conductivity 
material having a in excess of about 150 
W/m-K is within the scope of the invention. 

The second metal is selected to have a low 

25 thermal coefficient of expansion. An exemplary 
listing of such metals includes alloy 42 (TCE 
= 42x10-'' cm/cm/'C), Invar (a tradename for an 
alloy comprising 35% by weight nickel and 65% by 
weight iron, TCE = 35x10-7 cm/cm/*C) and 

30 molybdenum (TCE = 45x10-^ cro/cm/'C) . other 

metals having a coefficient of thermal expansion 
less than that of the microelectronic device 
(about 60x10-7 cm/cm/ 'C for a silicon based 
semiconductor device or about 52x10-7 cm/cm/ 'C 
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for an AI2O3 hybrid circuit device are 
acceptable. 

Further, the two metals must have the 
necessary tensile strength and chemical 
5 compatibility to permit cladding or another form 
of metallurgical bonding. The ratio of metal 
thicknesses must be tightly controlled to 
achieve a desired thermal escpansion coefficient, 
preferably within about 10% of that of the 

10 microelectronic device, as well as the desired 
thermal conductivity. The low TCE metal should 
have an elastic modulus (E) significantly higher 
than the elastic modulus of the high TCE metal. 
The TCE of the composite is therefore influenced 

15 to a greater extent by the low TCE metal. For 
example, in a preferred copper/molybdenum 
composite, Eq^=14 0 GPa and £24^=300 GPa. 

In the composite base package 10 
illustrated in Fig. 1, the base 12 comprises in 

20 a first embodiment, a high expansion core 32 and 
first and second low coefficient of thermal 
expansion cladding layers 34 and 36. A 
preferred high expansion core material is copper 
or a copper based alloy. Alloy 4 2 is an 

25 exemplary cladding material as are those low 

expansion metals and alloys which are capable of 
forming a surface refractory oxide layer as will 
be described hereinbelow. The thermal 
coefficient of expansion of the composite is in 

30 the range of 40 to 80 x lO^^ cm/cm/*C. However, 
there is enough copper in the base 12 to carry 
heat from the package 10. 

The ratio of thicknesses of the core layer 
to the cladding layers is dependent upon the 

35 desired properties of the composite base. 
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Increasing the high expansion layer thickness 
increases the ability of the package substrate 
to remove heat from the electrical device. 
However, increasing the high expansion layer 
5 thickness also increases the coefficient of 
thermal expansion of the base increasing the 
thermally induced mechanical stresses applied to 
the chip. 

Increasing the thickness of the low 

10 expansion metal layer reduces the coefficient of 
thermal expansion of the clad material, however, 
thermal dissipation is also reduced. The 
inventors have determined that the thermal 
requirements of an effective composite base 

15 material include an average thermal resistance 
SjC less than about 1.0 'C/watt and a 
coefficient of thermal expansion of less than 
about 70 X 10"'^ cm/cm/'C. 

BjQ is a measurement of the difference in 

20 temperature between the junction (J) and the case 
(C) . For a given wattage chip 22, the 
temperature is measured at the junction of the 
chip 22 and die attach 24 and at a position 
along an exterior surface 38 of the base 12. 

25 The difference in temperature is a function of 
the chip size, the thickness of the heat 
conducting layer and the effective thermal 
conductivity of the heat conducting layer. By 
maintaining a constant chip size and base 

30 thickness, the relative thermal resistance of 
the base may be determined. 

There is a region designated A in Figure 2 
which satisfies these requirements. As 
illustrated, certain refractory ceramics such as 

35 aluminum, nitride and silicon carbide and metals 
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such as tungsten and molybdenum satisfy the 
requirements of good thermal dissipation and low 
coefficient of thermal expansion. However, 
these materials have disadvantages relating to 
5 cost, machinability, environmental stability and 
density which reduce their utility. Composites 
off copper and Alloy 42 having from about 30% to 
about 70% copper fall within the desired region 
A.^ More preferably, the copper thickness is 

10 from about 40% to about 60% the overall sample. 
Most preferably from the standpoint of thermal 
dissipation and acceptable coefficient of 
thermal expansion, is a copper thickness of from 
about 40% to about 50% • 

15 ^ Another composite which has satisfactory 
thermal characteristics is copper and 
molybdenum. As shown in Figure 2, from about 
10% to about 70% of copper by thickness will 
result in a composite base having suitable 

20 thermal properties. More preferably, the copper 
thickness is from about 50% by thickness to 
about 70% by thickness. 

For comparison, several other materials 
commonly used in the construction of electronic 

25 packages are also indicated on Fig. 2. Note 

that the copper alloys C197 (nominal composition 
by weight 99.0% copper, 0.6% iron, 0.2% 
phosphorous and 0.12% zinc) and C724 (nominal 
composition by weight 84.3% copper, 13.0% 

30 nickel, 2.0% aluminum, 0.5% manganese and 0.2% 
magnesium) as well as aluminum have excessively 
high coefficients of thermal expansion while 
alloy 42, alumina, and steel all have inadequate 
thermal dissipation capabilities as measured by 

35 ejc. 
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Referring back to Fig- 1, the core layer 32 
of the composite base 12 may comprise either the 
high expansion component or the low expansion 
component and the first and second clad layers 
5 34 and 36 the other component. As long as the 
ratio of thicknesses are correct, the composite 
base will exhibit the desired coefficient of 
thermal expansion. It is preferred, however, to 
maintain the thickness of first and second clad 
10 layers 34, 36 approximately equal to each other 
to minimize flexure of the composite base 12 due 
to the mismatch with the expansion coefficient 
of the core 32. 

If the seal means 16 is a solder glass, the 
15 first cladding layer 34 preferably includes a 
glass sealable surface 40. The glass sealable 
surface need not coat the entire surface 40 of 
the first cladding layer 34, only that portion 
of the surface which contacts the sealing glass 
20 16. The glass sealable surface 4 0 may be 

obtained by forming the first cladding layer 34 
from a refractory oxide forming alloy such as 
copper alloy C638 (nominal composition by weight 
95.0% copper, 2.8% by weight aluminum, 1.8% Si 
- 25 ^nd 0.4% cobalt) or by coating the surface with 
an oxide forming material such as 
electrodeposited nickel. 

Once a glass sealable surface has been 
formed, the sealing glass is applied by any 
30 desired technique such as screen printing and 
sealed by an appropriate thermal profile. 

The sealing means 16 may also comprise a 
polymer adhesive such as an epoxy. A barrier 
layer may preferably be added to the surface 40 
35 of the first cladding layer 34. The barrier 
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layer inhibits metal catalyzed degradation of 
the adhesive. As with the glass sealable layer 
described hereinabove, the barrier layer 
preferably covers at least that portion of the 
first cladding layer 34 which contacts the 
sealing means 16. Suitable barrier layers 
include a refractory oxide and a nickel coating. 

The lid component 14 may be any desired 
material having a coefficient of thermal 
expansion approximately matching that of the 
base component, for example, a low expansion 
metal alloy, a composite or A1203. 

Referring now to Figure 3 , another 
embodiment of the invention is disclosed. The 
package 50 includes a composite base 52 which 
maximizes thermal dissipation and permits 
improved glass to metal sealing. VThile the 
package 10 illustrated in Figure 1 may comprise 
either a high conductivity core and a low 
coefficient of thermal expansion clad or a low 
coefficient of thermal expansion core and a high 
conductivity clad, the package illustrated in 
Fig. 3 is limited to composites with a high 
conductivity core. 

A cavity 54 is formed through a portion 55 
of .the low expansion material first cladding 
layer 34 by any desired means such as mechanical 
or chemical milling. The portion 55 is selected 
to be that region of the composite base 52 which 
is to receive the microelectronic device 22. 
The device 22 is bonded directly to the high 
thermal conductivity first core layer 32 by a 
die attach 24. The die attach 24 is preferably 
a metal based solder such as a lead/tin alloy. 
Also, a barrier layer may be applied to the 
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exposed section of the core layer 3 2 to improve 
the die attach. Such a barrier layer is 
preferrably a metallic coating such as 
nickel. Two advantages are achieved by using 
the embodiment illustrated in Fig. 3. 

Thermal dissipation is enhanced. The chip 
22 is bonded directly to a good thermal 
dissipater. The heat generated by the device 
does not pass through a thermally insulating low 
expansion layer. While thermal dissipation in 
the "2" direction, as indicated by arrow 56 in 
Fig. 3, requires conduction through the second 
low expansion clad layer 36, thermal conduction 
along the "X", as indicated by arrow 58 in Fig. 
3, and "Y", not shown, but perpendicular to "X" 
and "Z", directions readily conduct heat away 
from the device. 

A second advantage is achieved by glass 
sealing directly to the low expansion material. 
There are many sealing glasses known in the art 
which are suitable for bonding to low expansion 
materials. One suitable example is known as KC 
4 01M which is manufactured by Kyocera. KC 4 DIM 
is comprised of a lead-zinc-borate with a low 
TCE filler added. The glass has a coefficient 
of thermal expansion of about 65 to 75 x 10"*^ 
cm/cm/*C. 

A preferred material for the first and 
second cladding layers 34, 36 is Alloy 42. 
Glass sealing to Alloy 42 is difficult due to 
the inability to form an adherent oxide layer on 
the surface of the alloy, A second material 
which readily forms an adherent oxide may be 
deposited on the base component. As disclosed 
in United States Patent No. 4,796,083, such a 
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suitable deposition may be a nickel coating 
applied by electrolytic deposition. 

Alternatively, rather than Alloy 42, the 
low coefficient of thermal expansion cladding 
5 layers 34, 36 may be formed from a material 

which forms an adherent oxide layer in situ* As 
applied to this application, the term "in situ" 
refers to the capability of forming an oxide 
layer in an oxidizing atmosphere with the 

10 add.ition of heat and possibly water vapor but 
without the deposition of a second metal or 
metal alloy layer. An exemplary low expansion 
alloy capable of in situ oxide formation is a 
glass sealable iron-nickel alloy comprising by 

15 weight from about 30% to about 60% nickel, from 
about 0.001% to about 0.15% nitrogen, at least 
one element selected from the group consisting 
of from about 1%' to about 10% molybdenum and 
from about 0.001% to about 2% aluminum and the 

20 balance iron. The alloy is disclosed in United 
states patent No . 4 , 8 16 , 2 16 . 

As disclosed in the embodiment illustrated 
by Fig. 1, the composite is not limited to 
copper and alloy 42. Other combinations such as 

25 cc^er and molybdenum or aluminum and alloy 42 
are also within the scope of the invention. 

The lid component 14, does not contribute 
significantly to the thermal dissipation of the 
package 50, but does contribute rigidity to 

30 protect the electronic device 22 from damage due 
to package flexure, for example, during 
acceleration. The lid may be comprised of any 
material having a coefficient of thermal 
expansion approximately equal to that of the 

35 composite base. The lid should also be glass 
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bondable or coated with a material which readily 
foirms a glass bondable refractory oxide as 
discussed hereinabove. A preferred lid 
composition is aluminum oxide (AI2O3) due to the 
5 relatively low density and high rigidity of the 
material. 

As with the embodiment of the package 
illustrated in Fig* 1, the seal need not be 
glass, a polymer seal resulting in a 

10 non-hermetic metal package is within the scope 
of the invention. Further, glass sealable 
layers or barrier layers as disclosed 
hereinabove may be employed* 

Referring now to Fig. 4, there is 

15 illustrated another low profile, integrated 
circuit chip package, generally designated 60. 
The package 60 is not a hermetic package. In 
its basic components, the package 60 includes a 
plastic housing 62 for housing an integrated 

20 circuit chip 22 and a leadframe 64 partially 
embedded within the housing 62. The chip 22 is 
bonded to a bond pad 66 by die attach 24. The 
base and cover components of the package may be 
molded about the leadframe as a monolithic unit 

25 as illustrated in Fig. 4. Alternatively, 

discrete plastic base and cover components (not 
shown) may be bonded together, for example, with 
an epoxy adhesive. The leadframe 64 provides 
the medium for dissipation of heat as well as 

30 forming part of the electrical conduction path. 

In accordance with the present invention, 
the leadframe 64 is composed of a composite 
material meeting the same criteria as the 
composite material composing the base 12 in the 

35 hermetically-sealed package 10 as illustrated in 
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Fig. 1. Thus, the description of the composite 
material for the base 12 applies ecjually to the 
composite material for the leadframe 64, that 
is, the leadframe 64 has a core layer 68 of a 
5 first metal and cladding layers 70, 72 of a 
second metal . 

It is to be noted that the leadframe 64 is 
not drawn to scale to facilitate illustrating 
the composite nature of the leadframe, the 

10 leadframe 64 has the same overall thickness as 
the leadframe 18 employed for the metal 
packages. Typically the leadframe thickness is • 
from about .127 mm (0.005 inches) to about 
.254 mm (0.010) inches. Most commonly, the 

15 leadframe thickness is about .254 mm (0.010 
inches) +/- -025 mm (+/- 0.001 inches). 

In contrast to copper alloy leadframes 
typically used in molded plastic packages which 
have significant mismatch with the silicon chip, 

20 the composite leadframe 68 has a much lower TCE 
and substantially matches the coefficient of 
thermal expansion of the silicon chip. Also, 
the composite material of the leadframe 68 meets 
or exceeds the other perfozmance requirements 

25 for leadframe materials for plastic packages in 
generally, namely, tensile strength, 
solderability, bend formability, and lead bend 
fatigue resistance. 

The composite leadframe may be fashioned 

30 with the high thermal conductivity material or 
the low expansion material as the second core 
layer 68. In a plastic package, heat 
dissipation is primarily along the bond wires 28 
and through the leads 74. For maximum thermal 

35 copductivity within a plastic package, it is 
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preferable to position the high thermal 
conductivity material as the cladding layers 70, 
72. 

While the composite leadframe is 
5 preferably comprised of an Alloy 42 core 68 and 
copper cladding layers 70, 72, it should be 
realized that any high thermal conductivity 
material which may be readily clad is 
acceptable. Preferred high conductivity 

10 materials include copper, aluminum and alloys 
thereof. Likewise, the low thermal expansion 
core may be any suitable material such as Alloy 
42, Invar or molybdenum. 

In yet another embodiment of the invention 

15 shown in Fig. 5, a heat spreader 76 is molded 
into the plastic housing 62 of the package 78. 
The heat spreader is comprised of a metal core 
layer 80 and cladding layers 82, 84. The core 
and cladding layers are selected so that the 

20 composite heat spreader 76 has high thermal 

conductivity and a TCE about equal to the TCE of 
the microelectronic device 22 as detailed above. 
While the leadframe 18 is illustrated as a 
monolithic structure, the composite leadframe 64 

25 illustrated in fig. 4 may be employed to 
enhance thermal dissipation. 

While fig. 5 illustrates a heat spreader 76 
positioned so that a surface 8 6 is exposed to 
the atmosphere, it is within the scope of the 

30 invention to completely encapsulate the heat 
spreader 76 within the plastic housing 62. 
Also, rather than mounting the electronic device 
22 on a bonding pad 66 as shown, the bonding pad 
may be omitted and the electronic device 22 

35 bonded directly to the heat spreader 76. 
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As illustrated in Fig. 6^ using a simulated 
P-DIP (plastic dual-in-line package) , a 
composite leadframe comprising copper cladding 
layers and an Alloy 42 core layer had electrical 
5 and thermal characteristics approaching that of 
high conductivity copper alloys. In Fig. 6, the 
thermal dissipation, electrical resistivity and 
thermal conduction were all compared to Alloy 42 
and the ^atio of the experimental value to the 

10 Alloy 42 value recorded. 

For thermal dissipation, Bj^ values were 
obtained. ®ja ^® temperature differential 

between the chip/die attach junction and the 
ambient atmosphere. Unlike metal packages where 

15 the entire casing is approximately the same 
temperature and ejc values may be employed, 
plastic packages are poor thermal conductors and 
the case temperature is too dependent on 
location. ©ja preferred calculation for 

20 plastic packages. The lower the temperature 
differential, the better the thermal 
conductivity of the package. Since only the 
leadframe composition varied from package to 
package, the lower the ej^ as compared to ej;^ 

25 for alloy 42, the better the theinnal 
conductivity of the leadframe. 

Electrical resistivity was measured by 
placing a sample of the leadframe in a Kelvin 
bridge and measuring the electrical resistivity. 

30 The lower the resistivity, the better the 
leadframe conducts electricity and the more 
desirable the composite as a leadframe material. 

Thermal conductivity T^ was estimated based 
on the electrical resistivity measurements. 



Copper thicknesses of from about 30% (a 
three layer clad comprising 15% Cu/ 80% A-42/ 
15% Cu) to about 70% (35% Cu/ 80% A-42/ 35% Cu) 
were found to provide superior leadframe 
materials. In the preferred range of from about 
40% to about 50% copper by thickness, the 
electrical and thermal performance of the 
composite leadframe was measured to be superior 
to that of high strength copper alloys such as 
C724 and C7025 (nominal composition by weight 
96.0% Cu, 3% Ni, 0.75% Si and 0.25% Mg) . The 
properties of the preferred composite leadframe 
approached that of the high conductivity copper 
alloys such as C194 and C197. 

While the composite leadframe 64 has been 
described in terms of a plastic package 60 as 
illustrated in Fig. 4, the composite leadframe 
is equally suitable for the composite base metal 
packages as disclosed in Figs. 1 and 3^ standard 
metal packages as well as ceramic based 
packages . 

Yet another advantage of the invention is 
illustrated in Fig. 4. The bond pad 66 is a 
feature of conventional plastic packages. The 
bond pad is typically formed from the same 
material as the leadframe and provides an 
electrically conductive base for the device 22 
as well as a means to transport the device along 
with the leadframe 64. The bond pad has the 
same composition as the leadframe, so the use of 
a low expansion composite leadframe 64 provides 
a bond pad 66 with a low TCE. Therefore, the 
device 22 is not stressed due to thermal 
mismatch as occurs with prior art copper bond 
pads. 
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It is thought that the present invention 
and many of its attendant advantages will be 
understood from the foregoing description and it 
will be apparent that various changes may be 
5 made in the form, construction and arrangement 
of the parts thereof without departing from the 
spirit and scope of the invention or sacrificing 
all of its material advantages. The form 
hereinbefore described being merely a preferred 
10 or exemplary embodiment thereof. 
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IN THE CLAIMS 

1. A package 10 adapted to house a 
microelectronic circuit 22, characterized by: 

a. a composite base component 12, said 
base 12 comprising a first core layer 32 and 

5 first 34 and second 36 cladding layers bonded to 
opposing sides of said first core layer 32; 

b. a lid component 14 spaced from said 
base component 12 and defining a cavity 20 
therebetween for housing said microelectronic 

10 circuit 22; 

c. a leadframe 18 disposed between said 
base component 12 and said lid component 14; 

d. a sealing means 16 to bond said 
leadframe 18 to said first cladding layer 34 of 

15 said base component 12 and to said lid 
component 14 • 

2. The package 10 of claim 1 characterized 
in that the thickness and composition of said 
core layer 32 and that of said first 34 and 
second 36 cladding layers are selected such that 

20 the coefficient of thermal expansion of said 

composite base 12 is within about 10 percent of 
the coefficient of thermal expansion of said 
microelectronic circuit 22. 

3. The package 10 of claim 2 characterized 
in that the thickness of said first cladding 
layer 34 is substantially equal to the thickness 
of said second cladding layer 36. 
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4. The package 10 of claim 3 characterized 
in that said sealing means 16 comprises a 
sealing glass having a coefficient of thermal 
expansion substantially equal to that of said 
composite base 12, said composite base including 
a glass sealable surface 4 0 on at least that 
portion of said first cladding layer 34 which 
contacts said sealing glass 16. 

5. The package 10 of claim 3 characterized 
in that said sealing means 16 is a polymer 
adhesive comprised of an epoxy resin and said 
composite base 12 includes a barrier layer 40 on 
at least that portion of said first cladding 
layer 34 which contacts said polymer adhesive 
16; 

6. The package 10 of claim 4 characterized 
in that said first 34 and second 36 cladding 
layers have a coefficient of thermal expansion 
which is less than the coefficient of thermal 
expansion of said microelectronic circuit 22. 

7. The package 10 of claim 6 characterized 
in that said core layer 32 is selected from the 
group of metals consisting of copper, aluminum 
and alloys thereof, and said first 34 and second 
36 cladding layers are selected from the group 
consisting of alloy 42, Invar and molybdeniim. 

8. The package 10 of claim 7 characterized 
in that the thickness of said core layer 32 is 
from about 3 0 percent to about 70 percent of the 
total thickness of said composite base 12. 
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9- The package 50 of claim 8 characterized 
in that said microelectronic circuit 22 is 
housed therein and bonded directly to said core 
layer 32. 

10. The package 50 of claim 9 
characterized in that said core layer 32 is 
copper having a thickness of from about 40 
percent to about 50 percent of the total 
thickness of said composite base 52 and said 
cladding layers 34, 36 are alloy 42. 

11. The package 50 of claim 9 
characterized in that said core layer 32 is 
copper and said first 34 and second 36 cladding 
layers are molybdenum. 

12. The package 10 of claim 4 
characterized in that said core layer 32 has a 
coefficient of thermal expansion which is less 
than the coefficient of thermal expansion of 
said microelectronic circuit. 

13. The package 10 of claim 12 
characterized in that said core layer 32 is 
selected from the group of metals consisting of 
alloy 42, Invar and molybdenum and said first 34 

5 and second 36 cladding layers are selected from 
the group of metals consisting of copper, 
aluminum and alloys thereof. 
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14. The package lo of claim 13 * 
characterized in that the combined thickness of 

said first 34 and second 36 cladding layers is ' 
from about 3 0 percent to about 70 percent of the 
total thickness of said composite base 12. 

15. The package 10 of claim 14 
characterized in that said first 34 and second 

3 6 cladding layers are copper having a thickness 
of from about 40 percent to about 50 percent of 
the total thickness of said composite base 12 
and said core layer 32 is alloy 42. 

16. The package 10 of claim 14 
characterized in that said first 34 and second 
3 6 cladding layers are copper and said core 
layer 32 is molybdenum. 

17. The package lO of claim 4 
characterized in that said leadframe 18 is a 
composite material comprising a second core 
layer and third and fourth cladding layers 
ixanded to opposing sides of said second core 
layer., 

18. The package 10 of claim 17 
characterized in that the composition of said 
composite leadframe 18 is substantially similar 
to the composition of said composite base 12. 

19. The package 10 of claim 18 

characterized in that said composite leadframe ' 
18 includes a glass scalable surface on at least 
those portions of said leadfreime 18 which 
contact said sealing glass 16. 
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20. A composite leadframe 64 adapted for 
electrical interconnection to a microelectronic 
circuit 22, characterized by: 

a. a core layer 68; 
5 b. first 70 and second 72 cladding layers 

bonded to opposing sides of said core layer 68 
wherein the composition and thickness of said 
core layer 68 and said first 70 and second 72 
cladding layers are selected so that the 
10 coefficient of thermal expansion of said 
composite leadframe 64 is within about 10 
percent of the coefficient of thermal expansion 
. of said microelectronic circuit 22. 

21. The composite leadframe 64 of claim 20 
characterized in that the thickness of said 
first cladding layer 70 is substantially equal 
to the thickness of said second cladding layer 
72. 

22. The composite leadframe 64 of claim 21 
characterized in that said first 70 and second 
72 cladding layers have a coefficient of thermal 
expansion which is less than the coefficient of 

5 thermal expansion of said microelectronic 
circuit 22. 

23. The composite leadframe 64 of claim 22 
characterized in that said core layer 68 is. 
selected from the group of metals consisting of 
copper, aluminum and alloys thereof, and said 

5 first 70 and second 72 cladding layers are 

selected from the group consisting of alloy 42, 
Invar and molybdeniam. 
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24. a?he composite leadframe 64 of claim 21 
characterized in that said core layer 68 has a 
coefficient of thermal expansion which is less 
than the coefficient of thermal expansion of 
said microelectronic circuit 22. 

.25. The composite leadframe 64 of claim 24 
characterized in that said core layer 68 is 
selected from the group consisting of alloy 42^ 
Invar and molybdenxim and said cladding layers 
70, 72 are selected from the group consisting of 
copper, aluminum and alloys thereof. 

26 • The composite leadframe 64 of claim 25 
characterized in that the combined thickness of 
said first 70 and second 72 cladding layers is 
from about 30 percent to about 70 percent the 
total thickness of said composite leadframe 64. 

27. The composite leadframe 64 of claim 26 
characterized in that said first 7 0 and second 
72 cladding layers are copper and said core 
layer 68 is molybdenum. 

28. The composite leadframe 64 of claim 26 
characterized in that said first 70 and second 
72 cladding layers are copper and said core 
layer 68 is alloy 42. 

29. The composite leadframe 64 of claim 28 
characterized in that the combined thickness of 
said first 70 and second 72 cladding layers is 
from about 4 0 percent to about 50 percent of the 
total thickness of said composite leadframe 64. 
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30. A plastic package 60 adapted to house 
a microelectronic circuit 22, characterized by: 

a. a composite leadframe 64, said 
leadframe 64 comprising a core layer 68 and 

5 first 70 and second 72 cladding layers bonded to 
opposing sides of said core layer 68; and 

b. a plastic housing 62 embedding a 
portion of said composite leadframe 64 and 
defining a cavity for housing said 

10 microelectronic circuit 22* 

31. The plastic package 60 of claim 30 
characterized in that the composition and 
thickness of said core layer 68 and of said 
cladding layers 70, 72 are selected so that the 

15 coefficient of thermal expansion of said 
composite leadframe 64 is within about 10 
percent of the coefficient of thermal expansion 
of said microelectronic circuit 22. 

32. The plastic package 60 of claim 31 
characterized in that the thickness of said 
first 70 and second 72 cladding layers is 
essentially equal. 

33. The plastic package 60 of claim 32 
characterized in that the core layer 68 of said 
composite leadframe 64 has a coefficient of 
thermal expansion less than the coefficient of 
thermal expansion of said microelectronic 
device 22. 
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34. The plastic package 60 of claim 33 
characterized in that said first 70 and second 
72 cladding layers have a combined thickness of 
from about 30 percent to about 70 percent of the 

5 overall thickness of said composite leadframe 64 
and are selected from the group consisting of 
copper, aluminiam and alloys thereof, and said 
core layer 68 is selected from the group 
consisting of alloy 42, Invar and molybdenum. 

35. The plastic package 60 of claim 34 
characterized in that said first 70 and second 
72 cladding layers are copper and said core 
layer 68 is nolybdentim. 

.36. The plastic package 60, of claim 35 
characterized in that the combined thickness of 
said first 70 and second 72 cladding layers is 
from about 4 0 percent to about 50 percent of the 
5 overall thickness of said composite leadframe 64 
and are selected to be copper, and said core 
layer 68 is selected to be alloy 42. 

37. The plastic package 60 of claim 34 
characterized in that said microelectronic 
device 22 is attached to a composite bonding 
pad 66. 

38. The plastic package 60 of claim. 37 
characterized in that said composite bonding pad 
66 has a composition substantially equal to the 
composition of said composite leadframe 64. 
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as. The plastic package 60 of claim 34 
characterized in that said plastic housing 62 
comprises a monolithic molded structure. 

40. The plastic package 60 of claim 34 
characterized in that said plastic housing 62 
comprises a base component and a cover component 
bonded together with said composite leadframe 64 
disposed therebetween. 

41. A composite heat spreader 76 for use 
in a package 78 adapted to house a 
microelectronic circuit 22, characterized by: 

a core layer 80; and 

first 82 and second 84 cladding layers 
bonded to opposing sides of said core layer 80. 

42. The composite heat spreader 76 of 
claim 41 characterized in that the thickness and 
composition of said core layer 80 and that of 
said first 82 and second 84 cladding layers are 
selected such that the coefficient of thermal 
expansion of said composite heat spreader 76 is 
within about 10 percent of the coefficient of 
thermal expansion of said microelectronic 
circuit 22. 

43. The composite heat spreader 76 of 
claim 42 characterized in that the thickness of 
said first cladding layer 82 is substantially 
equal to the thickness of said second cladding 
layer 84. , 
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44 . The composite heat spreader 76 of 
claim 43 characterized in that said first 82 and 
second 84 cladding layers have a coefficient of 
thermal expansion which is less than the 
coefficient of thermal expansion of said 
microelectronic circuit 22. 

45. The composite heat spreader 76 of 
claim 44 characterized in that said core layer 
80 is selected from the group of metals 
consisting of copper, aluminum and alloys 
thereof and said first 82 and second 84 cladding 
layers are selected from the group consisting of 
alloy 42, Invar emd molybdenxim. 

46. The composite heat spreader 76 of 
claim 45 characterized in that the thickness of 
said core layer 80 is from about 30 percent to 
about 70 percent of the total thickness of said 
composite heat spreader 76. 

47. The composite heat spreader 76 of 
claim 46 characterized in that said core layer 
80 is copper having a thickness of from about 40 
percent to about 50 percent of the total 
thickness of said composite heat spreader 76 and 
said first 82 and second 84 cladding layers are 
alloy 42. 

48. The composite heat spreader 76 of 
claim 43 characterized in that said core layer 
80 has a coefficient of thermal expansion which 
is less than the coefficient of thermal 
expansion of said microelectronic circuit. 22. 
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49. The composite heat spreader 76 of 
claim 48 characterized in that said core layer 
80 is selected from the group consisting of 
alloy 42, Invar and molybdenum and said first 82 

5 and second 84 cladding layers are selected from 
the group of metals consisting of copper, 
aluminum and alloys thereof. 

50. The heat spreader 76 of claim 49 
characterized in that the combined thickness of 
said first 82 and second 84 cladding layers is 
from about 30 percent to about 70 percent of the 
total thickness of said composite heat spreader 
76. 

51. The heat spreader 7 6 of claim 50 
characterized in that said first 82 and second 
84 cladding layers are copper having a combined 
thickness of from about 40 percent to about 50 
percent of the total thickness of said composite 
heat spreader 76 and said core layer 80 is alloy 
42. 

52. The heat spreader 76 of claim 43 
characterized in that said heat spreader 76 
includes a means for direct bonding to said 
microelectronic device 22. 
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